Introduction
The diagnosis and treatment of hypertension is mostly based on the indirect blood pressure (BP) measurement. Therefore this clinical procedure can have far-reaching consequences. One of the most important factors that affects the BP measurement is the patient's position in which the BP is measured. The reference point for the measurement of BP is the right atrium, 1 the so called heart level. Recent guidelines recommend that the arm should be placed at the 'heart level' during BP measurement, irrespective of the body position.
2-6 However, it is only vaguely suggested how the 'heart level' can be practically estimated. Moreover it is not always indicated which anatomical segment of the arm should be at heart level. [4] [5] [6] Previous studies have shown large differences in the sitting BP between readings taken with the arm at the heart level and with the arm vertically pendent by the patient's side. [7] [8] [9] [10] [11] However, in daily practice as well as in research the arm position during BP measurement is often neglected. 12, 13 As a deviation from the recommended position, the BP is often measured by having the patient seated with the forearm supported on the desk or on the arm-nificantly higher (P Ͻ 0.0001) when the arm was placed on the arm-rest of the chair than at the right atrial level. The same differences ± s.d. in BP between the two positions were obtained with both measurement techniques: 9.7 ± 9.4 mm Hg (systolic) and 10.8 ± 5.8 mm Hg (diastolic) with the mercury sphygmomanometer and respectively 7.3 ± 8.9 mm Hg and 8.3 ± 6.0 mm Hg with the oscillometric device. No difference in the heart rate was found between the two positions. Conclusions: Placing the patient's arms on the arm-rest of the chair instead of at the reference right atrial level, BP measurement will result in spuriously elevated BP values. This may be of great importance for the diagnosis and the subsequent treatment decisions for patients with hypertension.
rest of a common chair. The aim of the present study was to examine the effect of such a deviation from the recommended position on the BP readings in a group of out-patients. The indirect BP readings taken in two positions were compared: (1) seated with the arms supported at the level of the right atrium and (2) seated with the arms supported on the arm-rests of a common chair.
Patients and methods
A group of 69 out-patients (30 females; 39 males; mean ± s.d. age 54.1 ± 16.0) years; body mass index 26.7 ± 4.1 kg/m 2 ; right arm circumference 29.5 ± 2.7 cm; left arm circumference 29.2 ± 2.7 cm) participated to our study. Fifty-eight of them were hypertensives and out of these 43 were taking antihypertensive medication at the time when they were involved in the study. Patients with diabetes mellitus, pregnancy, heart failure, autonomic neuropathy or those taking ␣-adrenoceptor blockers or tricyclic antidepressants were excluded from the present study.
All the subjects were familiar with the measurement of BP and a detailed explanation of the procedure was given to the subjects before starting the measurements. Speaking with the subjects was avoided during both the resting time and the measurements.
The whole procedure was carried out in a quiet room, at a comfortable temperature (21-23°C), by a single trained observer (RTN). The right atrium level was located according to British Hypertension Society recommendations 5 at the level of mid-sternum (precisely determined in each subject at halfway between manubrium at fossa jugularis and xyphoid at fossa epigastrica). In all subjects the BP was measured after 5 min of rest sitting in a comfortable ordinary chair with the back supported and the feet on the floor. Three BP readings 1-min apart were taken, the patients having their arms supported passively at each of the two levels: the level of the arm-rest of the chair and with the cubital fossa at the level of mid-sternum. 13 The sequence of the positions was randomised. Two minutes of pause were allowed between the last reading in the first position and the first reading in the second position. The BP was measured simultaneously at both arms using a Hawksley random-zero sphygmomanometer (bladder size 36 × 13 cm) together with a Rappaport Sprague stethoscope at the right arm and an automatic oscillometric device (Bosomat ® ) (bladder size 22 × 12.5 cm), previously tested for accuracy, 14 at the left arm. With the random-zero sphygmomanometer, phase I of Korotkoff sounds was used to determine the systolic BP and phase V for the diastolic BP to the nearest 2 mm Hg, with a maximal deflation rate of 2 mm Hg/sec. Corrected BP values for random zero readings were calculated after all measurements were done. After each BP reading a 20-sec pulse rate was counted at the right radial artery. The automatic device also registered the heart rate. Finally, each subjects body weight, height and arm circumference (halfway between the acromion and olecranon) were determined.
The three readings taken in each position were averaged to obtain a representative BP for that position. Student's t-test was used to test for differences in BP and heart rate between the two positions. Spearman's rank correlations were computed between the individual differences obtained with the two measurement techniques with respect to the systolic and diastolic BPs. The statistical significance was reached when P Ͻ 0.05 (two-sided).
Results
Both systolic and diastolic BPs were significantly higher (P Ͻ 0.001) when the arm was placed on the arm-rest of the chair (Table 1) . This was the case for both arms. A significant correlation was found between the individual differences obtained with the random zero sphygmomanometer and with the automatic device (r 2 = 0.422, P Ͻ 0.001 for systolic BP and r 2 =0.127, P Ͻ 0.01 for diastolic BP). There was no significant difference in the heart rates between the two positions.
In Table 2 the BP values in the two positions are given for the 34 patients in which the measurements were performed first with the arms on the arm-rest of the chair and then with the arms placed at the right atrial level, and for the 35 patients in which the measurements were performed in the reversed sequence of the two positions. The two subgroups did not significantly differ with respect to age, body mass index, sex, number of patients with hypertension and medication. Both systolic and diastolic BPs Table 1 Systolic and diastolic BPs (mm Hg) and heart rate (beats/min) in 69 volunteers with the arm at right atrial level (arm up) and on the arm-rest of the chair (arm low). Results are given as mean ± s.e. 148.3 ± 3.9 90.2 ± 1.8 137.9 ± 2.7 87.1 ± 1.5 difference 12.9 ± 1.5**11.9 ± 0.7** 6.7 ± 1.5** 9.8 ± 1.2** Left (oscillometric) arm up 133.5 ± 3.7 78.1 ± 1.8 129.8 ± 3.0 77.6 ± 1.6 arm low 144.6 ± 3.9 89.0 ± 1.8 133.4 ± 2.9 83.5 ± 1.7 difference 11.1 ± 1.6**10.8 ± 1.1** 3.6 ± 1.2* 5.8 ± 0.8** *P Ͻ 0.01; **P Ͻ 0.001.
Right arm Left arm (sphygmomanometer) (oscillometric)
were significantly lower when the patient's arms were placed at the right atrial level than when the arms were on the arm-rests of the chair. For both systolic and diastolic BPs, the differences between the two positions were larger when the BP was measured with the arms on the arm-rests of the chair first than when it was measured with the arm at the right atrial level first. Figure 1 shows the individual differences between the BP readings with the arms on the arm-rests of the chair and the corresponding BP readings with the arms at right atrial level vs the average BP in those two positions. The differences between the BP measured in the two positions were not related to the average BP level.
Discussion
The present study examined the influence of the arm position, at right atrial level vs at the level of a common arm-rest of a chair, on BP readings in a group of normo-and hypertensive out-patients. The right atrial level was approximated by exact determination of the mid-sternum. Both the systolic and diastolic BPs were significantly lower when the arm was placed at right atrial level than on the support of the chair. The differences were of the same magnitude with both the random-zero sphygmomanometer and the semi-automated oscillometric device. A slight sequence effect was also found regardless of the instrument used for the BP measurement.
BP measurement is a widely used procedure in clinical practice on which the diagnosis and treatment of hypertension are based. To obtain an accurate reading and to be able to compare readings taken on separate occasions, it is important to standardize the BP measurement. A factor that is well known but often neglected is the position of the patient's arm during the measurement.
In previous studies important differences between BP readings taken with the arm raised at the so called 'heart level' and with the arm vertical, parallel to the body in the sitting position have been reported. [7] [8] [9] [10] However, in some of these studies 7, 9, 10 'the heart level' was not precisely defined. Recent guidelines 2-6 recommend that the patient should be seated relaxed with the arm-rested passively at the 'heart level' during BP measurement. However, in these guidelines it is not always exactly specified what particular anatomical segment of the arm should be at 'heart level' and how the heart level should be estimated. The WHO guidelines recommend that the cubital fossa should be placed at the heart level as approximated by the fourth intercostal space.
2 The British Hypertension Society recommends that the arm should be placed horizontal at the level of mid-sternum. 5 The American Heart Association recommends that the elbow should be flexed at the heart level. 3 Most of the physicians measure the BP in a sitting position with the arm-rested on a table or on the common arm-rest of the chair, ignoring the relation between the subject's height and the level of the arm-rest. Our findings reveal that even such a small deviation from the officially recommended position might result in falsely elevated BP readings. The differences of both systolic and diastolic BPs between the two positions were consistent and are clinically relevant.
The difference in the BP between the two positions was higher when the BP measurement was started with the arm on the arm-rest of the chair, so there appeared to be a sequence effect too. This might be due to differences in the resting time before the BP measurement in each position. In this study BP measurements in the first position were performed after 5-min of quiet rest whereas the BP measurements in the second position were performed after at least 10 min of quiet sitting. It has been reported previously 15 that the BP may decrease over time during quiet rest. Therefore the factor time might have induced an increased difference in the BP readings between the two sequences of positions. More importantly however, the differences in BP between the two positions were in both position sequences significant and in the same direction.
To avoid observer bias and digit preference, BP was measured with the random-zero sphygmomanometer. Recent studies [16] [17] [18] [19] showed potential problems with the random zero sphygmomanometer such as an underestimation of the BP and the possibility of adding the digit preference for zero-value as a new source of error when computing the real BPs. Nevertheless, the random zero sphygmomanometer is still preferable when blinding is important to avoid observer bias in recording repeated BP readings. To support the reliability of the measurements, simultaneous BP determinations with an automatic oscillometric device were included in the protocol. The individual differences between the two positions with respect to both the systolic and the diastolic BPs obtained with the two different measurement techniques were significantly correlated.
Other interfering factors such as stress and noise were reduced in the present study as all the patients were familiar with the procedure and the room was quiet with a pleasant temperature. Talking was avoided during the relaxation time and the measurements.
Our findings are supported by our earlier results with respect to the influence of arm position on intra-arterial BP readings 20 and by the results obtained in a previous epidemiological study 11 in a large group of healthy volunteers. The hydrostatic factors were considered the most important for the differences observed between the BP readings at different arm levels. In this case, to correct a BP value measured at a certain level below the heart, one should substract the hydrostatic pressure of the blood column between the heart and the level of measurement from the measured BP value.
The importance of the present findings for clinical practice can be better appreciated if one considers that initiation and modification of antihypertensive therapy are based on BP levels in categories of 5 to 10 mm Hg.
2,4 Changes in BP as low as 10 mm Hg can consistently modify the risk of cerebral and cardiovascular complications of hypertension. 21, 22 As shown by the present study, such erroneous elevations in BP might be obtained when the patient's arm is inappropriately placed below the right atrial level on the arm-rest of a common chair. A question that may arise is: in which position has the BP been measured in the large epidemiologic and outcome studies? In the Framingham study, 23 key data on which diagnosis and risk of hypertension is based, the BP was measured according to the American and British Heart Associations, which both recommend that the arm should be placed at heart level. Unfortunately no mention is made with respect to the arm position in most other published data, [24] [25] [26] [27] [28] [29] [30] and this problem has already been pointed out by other authors. 31 This emphasizes even more the importance of standardizing the BP measuring procedure.
In conclusion, our study establishes once more the importance of an adequate and general accepted definition of the correct arm position during BP measurement in order to avoid that different investigators consider their BP values interchangeable, whereas differences in arm position are not taken into account.
